First, the pseudolite is assumed stationary and the geolocation information consists of the transmitter position and time. For each pseudolite this information is 4-ary encoded data at a symbol rate of 1 KHz. For example, an encoded geolocation signal is spread using a Kasami sequence which runs at a rate of 1.023 MHz and then the signal is modulated on [10 15 20 25] MHz carrier signals each one of which corresponds to each of pseudolite respectively via a QPSK modulator to resist interference encountered in an indoor geolocation environment. A total of 4 pseudolites are simulated to enable a geolocation solution for the receiver. The spreading modulation is that of a VBOC(2,1,α) which we have examined previously to provide a better spectrum utilization than the BOC(2,1) and definitely much better than the PSK.
Second, the receiver consists of four channels each one of which is assigned to a single transmitter. On each receiving channel the received signal is down-converted, de-spread using the Kasami sequence, demodulated and decoded.
Third, the channel consists of the following models: (1) a realistic indoor path loss, (2) realistic Rayleigh and Rician fading channels, (3) receiver thermal noise, (4) phase frequency offset, and (5) additive white Gaussian noise. The system will include the ability to perform distance measurement; to take into consideration the effect of transmitter clock stability on position accuracy; such effects will include the transmitter and receiver oscillator drift (short term stability) on positioning accuracy; the signal processing on the receiver design will include techniques for detecting an extremely week LOS signal and for maintaining lock on the LOS signal in the presence of severe multipath.
It is expected that this paper will provide the required overview for first designing the system components utilizing as much as possible commercial of the shelf components and provide the framework for Giftet Software solution products one of which is a global software solutions for a C-CDMA pseudolite indoor geolocation system to operate under heavy multipath and low signal to noise ratio environment. Simulation results in MATLAB and Simulink are provided.
INTRODUCTION
For several years now we have considered the analysis, simulation, and implementation of a C-CDMA indoor geolocation system [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] .
The analysis of the system primarily includes the C-CDMA indoor geolocation system concept, C-CDMA pseudolite signal selection characteristics, multipath parameters selection and modeling, receiver's signal processing [1] [2] [3] .
The simulation of a C-CDMA pseudolite indoor geolocation system includes MATLAB and Simulink simulations [5, [10] [11] .
The implementation of a C-CDMA pseudolite indoor geolocaiton system includes the implementation of a C-CDMA pseudolite and receiver [10] [11] .
Moreover, we have performed a good deal of research on indoor geolocation channel models and selection of parameters of interests for path loss and multipath distribution which are illustrates in [2, 7] . With all these information we then proceed with the paper as follows:
First, we discuss the general requirements of a C-CDMA pseudolite indoor geolocation system. Here we focus on the system requirements, pseudolite requirements, receiver and simulation requirements. Second, the technical methodology for designing a C-CDMA pseudolite indoor geolocation system will be discussed in the near future for illustrating Giftet Inc. software product solutions. Third, we conclude the paper.
GENERAL REQUIREMENTS
The general requirements of a C-CDMA pseudolite indoor geolocation system include: (a) system requirements, (b) pseudolite (or transmitter) requirements, (c) receiver requirements. First, let us discuss the general system requirements of a C-CDMA pseudolite indoor geolocation system.
General Systems Requirements
The general system requirements of a C-CDMA pseudolite indoor geolocation system consists of the following:
1. A C-CDMA pseudolite indoor geolocation system must consist of at least 4 or more C-CDMA pseudolites and one or more C-CDMA receivers.
2. The coverage area of a C-CDMA indoor geolocation system is that of a semi-sphere with radius R which is a system parameter. Typically R would be in the range of 100 m or several hundred meters. Because R is a system's parameter that it's going to define the requirements of transmitter's signal power and channel bandwidth.
3. The pseudolites should be located at the outside perimeter and at a reasonable height or the highest possible position of the building or complex buildings.
4. The system should have the ability to perform distance measurement via time of arrival measurement (TOA).
5. Under these conditions a C-CDMA pseudolite indoor geolocation system should provide cm level 3-D position accuracy and cm/sec level velocity accuracy 99.999 % of the time.
6. Portability and flexibility are the desired in that the system should have the ability to reconfigure itself.
An example of a C-CDMA pseudolite indoor geolocation system is illustrated in Figure 1 . The purpose of this example is to illustrate a typical pseudolite indoor geolocaiton system. These systems are becoming more and more prevalent given the need for precise geolocation inside buildings to protect civilians in cases such as parents guarding and monitoring their children, or doctors monitoring their patients in hospitals, or police or security forces monitoring their inmates etc. 
Pseudolite (or Transmitter)
The requirements for designing a C-CDMA pseudolite (or transmitter) include the following:
1. A frequency allocation for signal separation of at least 5 MHz/pseudolite. It appears that radio frequency spectrum is now on the orders of $100 million for MHz which could implies that the frequency spectrum for a C-CDMA pseudolite would be $0.5 billion and for 4 pseudolites would be $2 billions. This parameter alone would make the system almost impossible to build and commercialize it.
Center of frequency spectrum of what is
available and what is affordable in the frequency spectrum of 3.1 -10 GHz as mandated by the FCC.
3. A pair of unique Kasami sequences for signal spreading for the in-phase and quadrature components.
4. VBOC(2,1,α) for signal spreading modulation to further minimize multipath and interference effects [6] .
5. QPSK modulation for combining the I and Q channels and maintaining the time orthogonality between the I and Q channels.
6. Size of the pseudolite should be as small as possible using COTs.
7. Pseudolite should be powered up from a 120V/60~ Hz outlet via a power supply via an AC/DC converter.
8. The pseudolite signal power should range from −50 to −100 dBm at distances from 10 m to 100 m from the pseudolite in free space. In an actual indoor environment signal degradation will be higher, which could lead to actual pseudolite signal levels at 100 m to be −150 dBm.
9. Data rate of at least 1 kHz or higher.
10. One of the pseudolites should be designated as the master pseudolite and all the others are designated as slave pseudolites. All the clock parameters of the other pseudolites should be referenced to the master pseudolite.
11. The user must be able to enter the pseudolite location via a GPS receiver having surveying the location of the pseudolite first.
Some of the characteristics of a C-CDMA pseudolite signal design are presented below.
Signal design
The signal structure of a typical C-CDMA pseudolite indoor geolocaiton system is illustrated in Figure 2 . As shown in Figure 2 there are 4 pseudolites signals equal spread in the frequency range of 5 to 30 MHz with center frequencies of 10, 15. 20 and 25 MHz. Some of the benefits of this signal structure we have illustrated previously in [5] . The added benefit to the novel signal structure of a C-CDMA pseudolite indoor geolocation system is the VBOC(2,1,0.1) spreading modulation scheme [6] . F Fi ig gu ur re e 2 2: : T Th he e s si ig gn na al l s st tr ru uc ct tu ur re e o of f a a C C--C CD DM MA A p ps se eu ud do ol li it te e i in nd do oo or r g ge eo ol lo oc ca at ti io on n s sy ys st te em m u us si in ng g V VB BO OC C( (2 2, ,1 1, ,0 0. .1 1) ) s sp pr re ea ad di in ng g m mo od du ul la at ti io on n. .
The VBOC(2,1,0.1) modulation scheme was shown to provide further improvements of the multipath mitigation and cross-channel interference [6] .
